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ABSTRACT

The overall objective was the continued study of the cells, mechanisms
and molecules involved in the transfer of interferon (IFN) induced viral
resistance, immunosuppression and hormonal activity. Studies during the
first two granting periods led to a probable model that an IFN-donor cell
membrane interaction generates a secondary messenger molecule(s) which
transmit the IFN signal from the membrane to the nucleus. This molecule(s)
in turn is transferred to adjacent recipient cells and causes derepression
of their genes for the antiviral protein.

During this granting period, we have found that: (a) transfer of viral
resistance within a cell line occurs for about 4 hrs after IFN addition; (b)
in the transfer of viral resistance by lymphocytes, with the exception of
erythrocytes, virtually any allogeneic or xenogeneic tumor cell or normal
xenogeneic cell induces leukocyte interferon (IFN-a) production by B but not
T lymphocytes; (c) once IFN-a is produced, it initiates transfer by both B
and T lymphocytes; (d) lymphocyte transfer is probably mechanistically the
same as transfer by fibroblastoid and epithelioid cells; (e) the "foreign
cell” inducer for IFN-u is a cell surface glycoprotein; (f) the lymphocyte
receptor for the IFN-a inducer is a cell surface protein; (g) null cells are
the probable source of the IFN induced immunosuppressive factor; (h) IFN
induces melanogenesis and steroidogenesis; (i) adrenocorticotropic hormone
(ACTH) has antiviral activity on its target cells; (j) ACTH and endorphin
are produced by lymphocytes in the form of IFN-a; (k) IFN-a production by
1ymphocytes can be studied with-antisera to ACTH or endorphins; (1)
fibronectin has antiviral activity which is mediated by induction of a new
protein; (m) IFN induces fibronectin; (n) f1bronect1n may be related to the
IFN induced transfer material.

These findings show that: (a) transfer of IFN induced viral resistance
by 1ymphocytes involves a new system of recognition of foreigness; (b) both
B and T lymphocytes disseminate IFN's antiviral activity; (c) null cells
disseminate the immunoregulatory activity of IFN; (d) interferon has broad
hormonal activity; (e) hormones may function as antiviral substances; (f)
there may be a regulatory circuit between the immune and neuroendocrine
system with IFN-a as an intermediary (g) fibronectin may be involved in the
antiviral action of IFN.

The understanding of the molecules involved in the aforementioned
processes may lead to a new series of antiviral and immunosuppressive
substances as well as a possible new strategy of tissue targeted antiviral
and antitumor therapy. -
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RESEARCH PLAN
A.  INTRODUCTION

I. Objective:

. The overall objective of this research proposal was the continued
study of the cells, mechanisms and molecules involved in the transfer of
interferon induced viral resistance, immunosuppression and hormonal activity.

1. What are the kinetics of transfer of viral resistance within a
population of cells?

2. What cell types induce leukocyte interferon (IFNg) production by
non-sensitized lymphocytes?

3. What are the characteristics of the IFN-¢ inducing factor from
foreign cells?

4, Is there a receptor on non-sensitized lymphocytes which
recognizes the IFN-a inducing factor?

5. What are the characteristics of the receptor for IFN-q
induction?

* 6. Which lymphoid cell types transfar IFN induced viral resistance?

7. What cellular and molecular events are involved in lymphocyte
transfer of IFN induced viral resistance?

8. Which lymphoid cell type(s) produces the IFN induced
immunosuppressive factor?

i 9. What is the functional relationship of IFN and polypeptide

hormones? ,

10.  What is the structural relationship of IFN and polypeptide
hormones? .
11. Does fibronectin have antiviral activity?

12.  What are the characteristics of the antiviral activity of
fibronectin?

[I. Background:

Interferon shares a number of similarities with polypeptide hormones
(1). For instance, penetration of the cell membrane is not required for its
action (2,3). The interferon-membrane interaction in turn leads to
derepression and production of the antiviral protein (4,5). Prior to the work
herein reported, essentially nothing was known about the events between
interferon action at the cell membrane and derepression of the gene for the
antiviral protein. We designed a system for the study of these events (6).
This system was based on_two observations. First, that many animal cell types
exhibit the ability to communicate between themselves dn vivo and in vitro (7).
This communication is thought to occur through gap junctions which allow cells
to share their metabolites and small control molecules (8-12). Second, the
action of polypeptide hormones on transcriptional and translational processes
are mediated by secondary molecules which are produced in response to a hormone-
cell membrane interaction (13). We hypothesized that if, as the case with
polypeptide hormones, the induction of the antiviral prote1n is mediated via
secondary molecules, these might influence adjacent cells. The many instances
of the species specificity of interferon action (14) made this a testable




"hypothesis. Briefly, we found that cells made reSistant to virus infection by
treatment with their homologous interferon can transfer viral resistance to
cells of a heterologous species insensitive to that interferon (6). For
instance, while human WISH or baby hamster kidney cells (BHK) alone were not
sensitive to the action of mouse interferon, cocultivation of these

cells in the presence of mouse interferon and sensitive mouse L cells resulted
in a marked inhibition of the expected yield of virus from the interferon
insensitive cells. Control cell mixtures, in the absence of interferon, yield
at least the expected amount of virus as compared with the yield from either
cell type alone. The controls showed that inhibition of virus yield does not
result from cocultivation of different cell species but resulted from the
presence of the mouse interferon preparation with the cocultivated cells. The
transfer of resistance was dependent on cell proximity since the degree of
transfer was controlled by both the donor (L) to receptor (WISH or BHK) cell
ratio as well as the absolute cell density at a given ratio. Interferon-
induced transfer of viral resistance was not observed until the majority of
cells were in close contact with neighboring cells. Using poliovirus (which
infects only human cells) (15), we have directly shown that the human WISH cell
cocultured with mouse L cells in the presence of mouse interferon is protected
and that this protection is dependent on the interferon dose. These data seem
to contirm the hypothesis that the presence of interferon with its homologous
cell can induce antiviral activity in heterologous cells and suggest that cell-
to-cell communication can be demonstrated with interferon action.

We have examined the possible mechanism(s) governing the transfer of
interferon-induced viral resistance between heterologous cells (16). The
possible mechanisms include:” (a) interferon production by the recipient cells;
(b) transfer to the recipient cells of sensitivity to heterologous interferon
possibly through transfer of a membrane receptor; (c) transfer of a putative
secondary messenger molecule(s) which transmits a derepression signal between
the cell membrane and the nucleus; (d) transfer of the mRNA for the antiviral
protein; and (e) transfer of the antiviral protein. The available evidence
indicates that transfer of viral resistance from interferon-treated mouse L
cells to human WISH cells does not result from the production of human
interferon by human WISH cells. This idea is supported by the findings that
VERO cells, which produce essentially no interferon (17) receive transferred
resistance from L cells (18). Additional evidence arguing against human
interferon production is the finding that transfer of virus resistance occurred
to the same extent in the presence of antisera to human fibroblast interferon.
Also consistent with this finding is the fact that transfer occurs during
conditions of a single cycle of VSV growth which allows little time for
interferon production and action. Although, there was a diminution in the
amount of transferred resistance with increasing input m.o0.i. of VSV, this was
also seen with L cells alone and indicates that the resistance, once
transferred, has the characteristics of an interferon-type antiviral state.
Taken together these data seem to negate the production of interferon by the
recipient cells as the basis for transfer of resistance.
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Human WISH cells might be made sensitive to mouse interferon when
cocultivated with mouse L cells by transfer of membrane receptors for
interferon. However, this seems unlikely since this mechanism would
require the presence of mouse interferon with the recipient WISH cells and we
found th>. after a brief interaction of L cells with mouse interferon, followed
by removal of the interferon, resistance was transferred to subsequently added
WISH cells. Thus resistance transfer did not require the presence of mouse
interferon with the human WISH cells.

Data was presented which showed that the development of resistance in
the donor L cells precedes the development of resistance in the WISH cells
(16). This suggests that the mouse interferon initiates an antiviral process
in the L cells which is subsequently transferred to the human WISH cells.
Theoretically, any one of the following molecules [putative secondary
messenger(s), the mRNA for the antiviral protein or the antiviral protein]
could be the effector molecule for transferred resistance.

If the transfer process occurs through gap junctions which transfer
only small molecules (19), then it seems unlikely that mRNA or the antiviral
protein is responsible. Data indicate that the interferon-induced material
which is responsitle for the trancfer of resistance is unstable or it becomes
unavailable for transfer (16). Since the imouse antiviral protein is stable for
more than 8 h (20) and its production continues in the presence of interferon,
it seems unlikely that it alone is responsible for resistance in the WISH
cells. Thus either a molecule other than the antiviral protein, or the
antiviral protein plus another factor (which is no longer available by 8 h) is
responsible for the transfers’ .

The mRNA for the antiviral protein also seemed an unlikely candidate
for the effector of transferred resistance. If the mouse mRNA alone caused the
viral resistance in the WISH cells, then actinomycin D should not have blocked
development of resistance in the WISH cells beyond the 1 h required for
substantial transcription of the mRNA in the L cells (16). Since actinomycin D
blocked resistance in the WISH cells for 3 h past its effect on L cells, these
data imply that a transcription event in the WISH cells is necessary for the
development of the antiviral state. These findings also argue against the
transfer of the antiviral protein, since its possible action in WISH cells
should not require transcription. Again, the more complex possibility that
actinomycin D blocks the production of a factor needed to transfer the mRNA
cannot be excluded. By a process of elimination and in light of the data with
actinomycin D, secondary messenger molecules which transmit the interferon
signal from the membrane to the nucleus are favored as the effector
substance(s) for the transfer process leading to derepression of the gene for
the human antiviral protein. This model for the transfer phenomenon is
strengthened by our preliminary findings of a soluble interferon induced
material from L cells which confers viral resistance on human WISH cells.

To be certain that the transfer phenomenon was aot limited to a few
cell types, we examined other cell species and their ability to exhibit '
transfer. We have shown that this phenomenon also occurs when rabbit kidney
and human WISH cells, with their corresponding interferons, are cocultivated




with human WISH and baby hamster kidney cells, respectively. This finding
increases the number of donor cell types to three. The related finding that
monkey VERO and chick embryo cells can be recipients of transferred resistance
expands the number of heterologous recipient cell species to five (18). With a
fairly large number of cell species demonstrating the transfer of resistance,
this could possibly be a general phenomenon among adjacent cells within the

- body and thus play an important role in the pathogenesis of viral infections.
Information relevant to this idea came from the finding that the rate of
development of interferon-induced virus resistance in a mixture of two human
cell types (U and WISH) is determined by the cell type (WISH) in the mixture
which responds first (21). The transfer of virus resistance from one human
cell (WISH) to another (U) (homoloyous transfer) is much more efficient than
the transfer from mouse L cells to WISH cells (heterologous transfer), as was
shown by a much lower ratio of donor to recipient cells required for maximum
transfer as well as a more rapid transfer. Thus, virus protection afforded by
the interferon system is amplified more efficiently in mixtures of different
human cells than in mixtures of mouse and human cells (21). An explanation for
this difference in efficiency might be found in the mechanism of transfer
between cells. For example, if transfer of virus resistance occurs through gap
junctions which allow cells to communicate between themselves, then the
efficiancy of tha transfer chould be a reflection cf the relative ability of
the cells to communicate. Recently, specificity of junctional communication
was shown and appeared to occur more frequently between homologous than
heterologous cells (11, 12). Hence, the demonstration that a lower percentage
of donor cells is required in a homologous cell mixture than in a heterologous
cell mixture for maximum transfer of virus resistance may be explained in terms
of the relative ability of these cells to communicate.

We have proposed that the natural action of interferon does not
require a direct effect of the molecule on each cell. This proposition stemmed
from our previous demonstrations of the transfer of interferon-induced viral
resistance between cells (6). Supportive of this was the finding that
interferon action was determined by the cell density (22). At a cell density
where the majority of cells in a population could not contact one another there
was a precipitous drop in interferon activity. This cell-proximity effect was
proposed to result from variation in interferon sensitivity between individual
cells in the population and an inability of the most sensitive, first-
responding cells to transfer their viral resistance to less sensitive, slower-
responding cells when they were not in contact. By the cloning of individual L
cells it was shown that there is a very marked heterogeneity among individual
cells in both their sensitivity to and maximum degree of protection afforded by
interferon. Further, cloned L cells of "high" interferon sensitivity can
transfer their viral resistance to clones of “low" sensitivity. By studying
the interferon response of individually reacting clones and a reconstituted
parental population of cells, it was found that as few as 10% of these cells
can determine the response of the population (23). These findings strongly
support our interpretation of the cell proximity effect and our contention that
the action of interferon does not require a direct effect of the molecule on
each responding cell. The obsarvation of transfer among cells within a
population from a single species suggests that the transfer process is
operational in vive. This is all the more likely since the cell proximity
effect occurs with primary mouse embryo cells as well as diploid human
fibroblasts (which are similar to normal cells in vivo) (22). This means that




the natural mechanism of interferon protection probably includes

action on cells near the interferon-responding cell. This process would
amplify the interferon response since sensitive, fast-responding cells would
transfer resistance to less sensitive, slower-responding cells which constitute
the bulk of the population. The observation that a small fraction of cells
(10%) determines the response of the population shows that the transfer process
plays a highly important role in the action of interferon. It also implies
that the transfer probably proceeds through more than one recipient cell since
one cell can only be surrounded by 6 cells in this system. Shortly after our
demonstration of cell-to-cell communication of interferon activity, a similar
finding with polypeptide hormones was reported (24). This leads to the
intriguing possibility that as with interferon there may be marked
heterogeneity among "sensitive" cells in their response to polypeptide hormones
and only a small number of cells determine the response of the population (or
in vivo the tissue). If this is correct then direct cell-to-cell communication
represents a novel mechanism for the amplification of hormone or hormone-like
activity. Also, this transfer process and the finding of large variations in
sensitivity of cloned cells to interferon has the appealing aspect that all
cells do not have to expend their cell machinery to a maximum extent for
maximum sensitivity to interferon. This process would tend to be conservative
for such things as cellular receptors for interferon.

In a heterologous transfer system only a fraction (30%) of L cell
clones can transfer resistance to human WISH cells. Whether the same clones
are responsible for homologous and heterologous transfer of viral resistance is
not know. The donor cell phenotype seems to be an unstable characteristic and
is therefore probably under @pigenetic control. It is of interest to
understand what controls the ability of cells to communicate since this is such
an important system for coordination of functions within tissues.
Phenotypically, we have observed a correlation between L cell colonial
morphology and the ability to transfer resistance. The processes underlying
the dense colony phenotype and its involvement in transfer may be helpful in
understanding the control of cell-to-cell communication. Interferon
sensitivity, of course, is a prerequisite to ability to transfer viral
resistance. However, interferon sensitivity does not appear to control the
ability of cells to communicate. ' A

In addition to virus type interferons (a and g-IFN), immune-type
interferon (IFN-v), a lymphokine, can cause the transfer of viral resistance
from mouse to human cells (25). This is similar to findings for virus-type
interferon (6), except that immune-type interferon caused the transfer more
efficiently. The immune-type interferon molecule was found to be the most
1ikely substance in the interferon preparation to be responsible for the
transfer. The transferred resistance had the characteristics of an interferon-
fnduced antiviral state. The kinetics of development of transferred viral
resistance in response to mouse immune-type interferon suggest that a antiviral
process is initfated in the mouse cells and is subsequently transferred to the
human cells. Interestingly, although the kinetics of the response of L cells .,
to virus-type and immune-type interferon are different, there is a similar
delay in the development of transferred resistance in the human WISH cells.
This indicates that the transfer process and its expression in WISH cells may
be similar with both interferon types whereas, the initial events by which the
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"two interferons activate L cells may be different. These data also indicate
that within L cells, immune-type and virus-type interferons probably share some
common pathways to the antiviral state. These findings further suggest that,
like virus-type, some component(s) of the immune-type interferon system is
(are) not species specific because immune-type interferon-treated L cells can
transfer viral resistance to human WISH cells. The finding that immune-type is
better able than virus-type interferon at eliciting the transfer mechanism
points to a new and efficient means of disseminating the interferon response of

1ymphocytes.

Lymphoid cells have also been found to transfer interferon induced
resistance to other cell types (26). A prerequisite to this transfer is the
production of leukocyte interferon (IFN-a) by lymphoid cells in response to co-
culture with heterologous cells (27). The present findings are the first
demonstration that foreign cells stimulate non-sensitized lymphocytes to
produce a type of interferon which has the properties of IFN-a. Further this
induction of lymphocytes does not necessarily require transformed cells since
normal heterologous cells also induce. The inducing component of the foreign
cell does not require ongoing RNA and protein synthesis since they induce after
treatment with actinomycin D. Additionally, initimate and or brief contact
between the lymphocytes and the foreign cells, but not mycoplasmas or
endogenous viruses, appears to be required for induction. The kinetics of
production of leukocyte interferon by nonsensitized lymphocytes in response to
foreign cells is similar to that induced by viruses. We have shown that a
component probably of the foreign cell membrane, can be solubilized and in this
state cause the induction of interferon by non-sensitized human leukocytes.

The nature of the interferon inducer is important for several reasons. First,
it initiates interferon production and thereby sets into motion leukocyte
transfer of viral resistance. Second, it may prove to be a valuable in vivo
interferon inducer. Third it is possible that many of the in vivo interferon
inducers (e.g., bacteria, protozoa, and intreacellular parasites: including
viruses which alter cellular antigens) induce by this mechanism. This is
readily testable by characterization of the interferon type stimulated by the
various inducers. Finally, a new cellular system for the recognition of
foreigness is suggested by the ability of nonsensitized 1ymphocytes to
recognize a foreign cell component and respond with a particular type of
interferon. This may be of value in the diagnosis of certain tumors and
infections. Furthermore, it may be a potential system for the easy production
of virus-free, high-titered, human, leukocyte-type interferon.

It appears that a B cell is responsible for interferon production in
our system (28). This is a new finding which may be of broad interest in terms
of recognition of foreigness and cell-to-cell interactions in the immune
system. After [FN-a is produced we have shown tha:¢ human leukocytes can
transfer interferon induced viral resistance to xenogenic cells of fibroblast
and epithelial origin (26). The possible induction of an antiviral state in
the recipient cells by endogenous interferon seems unlikely because no
interferon to recipient cells was detected in supernates of any of the systems.
used and 1t 1s unlikely that mycoplasma or viruses were present in the primary
chick embryo or secondary mouse embryo cultures that were used in this system.
The transfer was rapid, efficient (1:1 cell ratios), and occurred only in the
presence of leukocyte interferon. Transfer did not occur when the recipient
cell did not induce interferon in the leukocytes. The antiviral state in the
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'xenogenic recipient cell had a characteristic of the antiviral state directly
induced by the interferon in syngeneic or allogeneic cells. Specifically it
was broadly active against viruses. The reduction of virus yields observed in
recipient cegls was not due to natural killer cell activity based on the amount
of specific ““Cr release, trypan blue dye exclusion, and uptake of neutral red
dye observed during the critical parts of the studies and the small ratio of
leukocyte to recipient cells required to induce the antiviral activity.

Lymphoid cells were also shown to transfer interferon's
immunosuppressive activity (29). The indirect immunosuppressive action of
interferon was found to be through induction of suppressor cells which in turn
produce a suppressor factor that inhibits antibody production. We have the
following working model of the production and function of the suppressor
factor. Its induction is blocked by treatment of interferon with specific
antibody, but the immunosuppression by induced suppressor factor is unaffected
by antibody to interferon. The factor is devoid of antiviral activity, which
suggests that interferon regulates the immune response by a mechanism(s) that
is different from its antiviral property. This differentiates the cell
interactions that are involved in immunosuppression by interferon from the cell-
to-cell interactions that are associated with the transfer of viral resistance
(6). Additionally, efficient transfer of viral resistance requires cell-to-
cell contact, which is not required in immunosuppression. This suppressor
factor may play a natural role in both normal immune mechanisms and in the host
response to viral infections. It may also be a desirable means of suppressing
the immune response under certain conditions.

- The induction of a suppressor factor by interferon, which lacks
antiviral activity, is consistent with two previous observations which suggest
dissociation of the antiviral and immunoregulatory actions of interferon. One
is the observation that the immunosuppressive effects of fibroblast interferon
are blocked by 2-mercaptoethanol, while the antiviral property is unaffected
(30). The other is that a ribosome-associated factor(s) obtained from
interferon-treated cells is immunosuppressive, but lacks antiviral properties
(31). One of the biochemical effects of interferon on cells has recently been
shown to be a block of protein synthesis via blockage of formation of
initiation complex through ribosome-associated protein kinase activity (31,
32). To date the only biological function that this mechanism has been shown
to possibly affect is suppression of the immune response (31). It is quite
possible, then, that interferon-induced molecular events such as inhibition of
initiation complex formation and suppressor factor induction may be related to
the non-antiviral properties of interferon.

As indicated above, the action of interferon is similar to
polypeptide hormones and i{s probably mediated through secondary messenger
molecules which influence adjacent cells. Subsequent to our work, the cell-to-
cell transmission of hormonal stimulation was reported (33). Both of these
cell comunications are thought to occur by gap junctional transfer of
secondary messenger molecules. These observations, together with other
similarities between interferon and polypeptide hormones, led us to propose
that there is a common cellular pathway of interferon and hormonal action. We
have demonstrated that interferon can have hormonal activity (stimulation of
myocardial cell beat frequency) and that hormonal (noradrenaline) stimulation
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can result in interferon type antiviral activity. These findings have led us
to conclude that interferon and hormonal action are probably mediated by common
pathway(s). The cell-to-cell transmission of the reciprocal actions of
interferon and noradrenaline not only gives further credence to a common
pathway of their actions but also suggests that common transferred molecule(s)
are generated after interaction of either substance with the appropriate cell
membrane (34). Superficially, cyclic AMP seems a candidate for the interferon
induced increase in beat frequency since cyclic AMP can cause this response
(33) and interferon under certain conditions can elevate cyclic AMP levels
(35). However, cyclic AMP alone cannot account for the antiviral effects since
it is not antiviral (36) and interferon does not stimulate adenyl cyclase in
all cells (35). A more likely situation is that cyclic AMP and/or another
small molecule(s) is responsible. This putative molecule may represent a new
class of secondary messengers and thereby lead to elucidation of a new cellular
control system. We suspect that a soluble substance extracted from interferon
treated L cells may represent this molecule and be responsible for transfer of
viral resistance and induction of the antiviral state. The transfer material
has been found to be rapidly produced intracellularly after interaction of
cells with interferon. It is highly unstable and dissappears rapidly from
cells, These are qualities we might expect of a secondary messenger molecule.
Detection of the transfer material has been complicated by a control material,
probably associated with the cell membrane, which is not induced by interferon,
1s released from sonicated cells and is antiviral. This material appears to be
fibronection. Fibronectin is a molecule of much current interest since it is
in much higher levels in normal than transformed cells. Antiviral activity may
provide a new function for this molecule and may be related to the transformed
pnenotype. -

Two fundamental questions result from the hormonal studies. First,
is interferon a hormone? The numerous similarities between interferon and
polypeptide hormones indicate that interferon should be classified as such.
These similarities coupled with our inability to distinguish interferon action
from a hormonal response would seem to answer this question affimatively. As
such, the natural role of interferon may be regulatory with its effects on
virus infections being secondary. The instances of low levels of interferon in
normal individuals may not result from inapparent virus infections but may be
reflective of this more general interferon regulatory mechanism. Additionally,
this could be related to the side effects observed during clinical trials using
high levels of interferon (37) as well as some aspects of viral pathoyenesis.

A second important question is: What are the limits of responses to
normones? Classically, the actions of polypeptide hormones are well understood
in terms of specific activation of their target tissues. The present findings
suggest that there may also be patterns of different, hormonal responses
induced by any one hormones and the pattern will vary with the cell type
affected. For instance, hormones may not only have their known major action
but may also protect tissues against viruses or maintain differentiation
through interferon or other hormonal mechanisms. If this could be documented
Jn vivo a new strategy of tissue targeted antiviral and antitumor therapy might
evolve.
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B. Methods of Procedure and Results

I. Transfer of interferon-induced viral resistance with fibroblastoid
and epjthelioid cells.

1. The kinetics of transfer of viral resistance within a population: We
‘have previously shown that the rate and degree of interferon act%on is
determined by the cell density and that the interferon response of cells is
minimal when they are not in contact with one another. We interpreted this to
be indicative of transfer of resistance within cell lines and cultures. By
manipulation of the cell density we have timed the gransfer of resistance
within cell cultures., Confluent monolayers (1 x 10 cells/well) or isolated
mouse L cells (1 x 10" cells/well) in Falcon Micro Test Il tissue culture
plates were treated briefly with their homologous interferon. At various times
after interferon removal the cells were trypsinized and replated either as
monolayers or isolated cells and infected with VSV. Twenty-four hours later
the virus yield were compared to the appropriate control treated with culture
media to determine the extent of interferon action. With cells that were
initially monolayers, interferon activity increased as trypsinization and
isolation of cells was delayed (Table 1). In other words, the earlier the
cells were separated the less chance they had for transfer. There was 4 hrs
from the beginning of the rise in interferon activity until the maximum was
reached. This indicates that transfer occurs for 4 hrs within a cell culture.
Contrarywise, initially isolated cells showed higher interferon activity the
earlier they were trypsinized and concentrated into a monolayer (until 4 hrs
when monolayer formation did not lead to an increase in interferon activity
(Table 2]. This time interval. corresponds to the periaod of availability of the
transfer material. It also closely approximated the time of transfer observed
when monolayers are separated into single cells.

II. Production of human leukocyte interferon by non-sensitized human
leukocytes co-cultured With “?oreignn cells. :

: Since production of IFN-a (1eukocyte interferon) is the first step in
the transfer of viral resistance from non-sensitized leukocytes to co-cultured
heterologous cells we conducted an indepth study of this process.

1. Characterization of inducer cells

3) Cells from different species: We have (27) demonstrated that
mouse L cells and secondary mouse embryo fibroblasts were excellent
Teukocyte interferon inducers. Primary chick embryo and human WISH
cells induced lower amounts of interferon. In order to maximize
interferon induction, several other types of cells were tested for
inducing efficacy. Induction and assay of foreign cell induced
1nterferon6was as follows: Human peripheral lymphocyte suspensions
(5-10 x 10” cells/ml1) are prepared on a Ficoll-Hypaque gradient as
previously described (27). One-tenth milliliter of the lymphocyte
suspension in RPMI 1640 with:10% fetal calf serum is placed onto
confluent cultures (about 10~ cells/well) of each cell type in Micro
Test Il tissue culture plates (Falcon Plastics, Oxnard, Calif.).
After 24-hr incubation in 4% CO2 at 37°C the culture fluids were
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harvested, clarified by centrifugation, and assayed for interferon as
previously described (27). The interferon titer is expressed as the

- reciprocal of the dilution that inhibited 50% of the viral cytopathic
effect. Interferon units are expressed in terms of the NIH human
reference interferon. Table 3 shows differences in inducing
abilities did not correlate with the species' relative evolution and
confirm that B and not T cells are responsible for interferon
production.

b) Erythrocytes: Erythrocytes were tested and found unable to
induce interferon in nonsensitized lymphocytes (Table 4). Thus,
erythrocytes apparently lack the IFN-a inducing factor and may serve
as excellient controls for the purification of the IFN-a inducer from

other cell types.

Similar experiments with murine 1ymphocytes were performed to
determine if the process extended to the mouse. Xenogeneic,
allogeneic, and allogeneic tumor cells were tested for their ability
to induce interferon in nonsensitized mouse 1ymphocytes. As in the
human system, xenogeneic and allogeneic tumor cells induced mouse
interferon {Table 5).

2. Effect of inducer cell surface modifications on interferon. Cell
contact is required between inducer ceils and effector |ymphocytes for
interferon induction (27). Reaction kinetics plus the falure of soluble
factors in the medium to induce interferon suggested that the inducing factor
and receptors are present on-the cell's surface membrane. To determine the
nature of the inducing factor, specific enzymatic treatments were used to alter
?he c:ll membrane and these cells were assayed for their ability to induce

nterferon. ’

a) Proteases: Treatment of inducer cells with trypsin or pepsin
destroyed their ability to induce IFN-a production by non-sensitized
1ymphocytes (Table 6). Human diploid fibroblasts did not induce IFN-
a either before or after protease treatment., Thus it appears that
the inducing factor is a cell surface protein.

b) Glzgogroteins: Many components of cell surfaces are
glycoproteins which can be involved in such processes as cell

recognition, immunity, and malignant transformation. Likewise,

inducing factor is probably a glycoprotein, since neuraminidase

?;eatmen? destroyed the ability of cells to induce IFN-a production
able 7).

- 3. Nonsensitized 1zmghoc¥%e recegtor for IFN-a induction: An assay for
this receptor was developed and 1s based on Inhibition of interferon induction
by the receptor material. The receptor is removed from nonsensitized mouse
1ymphocytes by sonication. Soluble inducer (Table 8) are treated with the
receptor materfal, and then mixed with nonsensitized 1ymphocytes, incubated,
and the supernatant assayed for interferon. A reduction in IFN-a production
was observed which is dependent on the relative concentrations of the receptor
and inducer. We assume that the lymphocyte receptor complexes with the inducer
and prevents inducer interaction with nonsensitized lymphocytes. The receptor
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was also present on human lymphocytes (Table 9).. As expected, sonicates from
normal fibroblasts (which should not contain the receptor) failed to block
induction of interferon (Table 10). Preliminary characterization indicates
that the lymphocyte receptor is a cell surface protein since it is inactivated

by trypsin treatment of lymphocytes (Table 11).

I1I1. Transfer of interferon-induced viral resistance with 1ymphoid cells.

1. Cell tzgegsf that transfers interferon-induced viral resistance: Our
laboratories have empioyed ficoli-hypaque gradients cell adherence, treatment
with anti-immunoglobulin antibody and complement, and sheep red blood cell
rosetting to show that the non-sensitized leukocyte which produces interferon
in response to foreign cells is a B lymphocyte (28). These same procedures
were used to separate cells of the immune system. Each of these cell types
were assessed as to their ability to transfer viral resistance to heterologous
cells. The demonstration of transfer followed the same techniques described
for leukocyte interferon production (26 and Progress Report II.1.) except that
co-cultures were challenged with VSV, Since VSV replicates poorly in
leukocytes any virus yielded is from the heterologous cells. We found that
both B and T lymphocytes will cause inhibition of virus yield from heterologous
cells. Since we have previously shown that only B lymphocytes produce
interferon when co-cultured with heterologous cells, exogemous human interferon
had to be added to the T but not B cells to observe the transfer (Table 12).

2. Cellular sequence(s) of events in leukocytes and recipient cells
during transfer:

a) Does IFN-a initiate transfer of viral resistance from leukocytes
to recipient cells? Based on the close -temporal relationship between
production of interferon by leukocytes and development of resistance
in L cells in co-cultures it appeared that interferon initiated the
transfer of resistance. This idea was strengthened by the lack of
transfer to cells which do not induce interferon production by
leukocytes. To definitively establish that the IFN-a initiated the
transfer process the following experiment was done. Human leukocytes
were co-cultured with mouse L cells in the presence of anti-human IFN-
a antisera. Since interferon must be externalized from a producing
cell prior to acting, the antisera blocked the action of the human
interferon on the human leukocyte. This in turn prevented the
transfer of resistance from the human leukocyte to the L cell (Table
13). These data firmly establish that transfer of resistance is
initiated by the interferon which is produced.

: 3. RNA synthesis in the transfer process: The antibiotic, actinomycin )
D, has been extensively employed to explore cellular events, such as interferon :

action, (4,5) which require RNA synthesis. We have shown that this compound

will inhibit the transferred resistance (6,16). This data indicated that a

transcriptional event is required in the recipient cell for the demonstration

of transferred resistance. To determine if the leukocyte transfer of

resistance was l1ike that with fibroblastoid and epithelioid cells, similar

experiments were done with leukocytes. We found that actimomycin D treatment

of recipient cells blocked the development of resistance transferred from

leukocytes (Table 14). A transcriptional requirement by the recipient cell
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supports our hypothesis that the actual inducer of the antiviral protein gene
is transferred and shows that transferred resistance is not mediated by the
human antiviral protein or its mRNA since the action of either of these
molecules should not require transcription. Also shown in Table 14 is that,
although viral resistagfe is inhibited in actinomycin D treated L cells, there
is the same amount of ““Cr released from these cells. This shows that the
inhibition of virus growth is not mediated by cell-mediated cytotoxicity.

. IV. Transfer of interferon-induced immunosuppressive activity with
1ymphoid cells.

1. Cell type(s) that produces the interferon-induced suppressor factor:
We have shown that lymphoid cells transfer interferon's immunosuppressive
activity. The indirect immunosuppressive action of interferon was found to be
through induction of suppressor cells which in turn produce a suppressor factor
that inhibits antibody production. Depletion of macrophages from the
suppressor cell preparation by glass bead-glass wool columns did not affect the
suppressor cell activity (Table 15), which suggests that the suppressor cell is
a lymphoid cell. Preliminary treatment of suppressor cells with anti-Thy-1
serum to remove T-cell activity and with rabbit anti-mouse immunoglobulin serum
to remove B cells with surface immunoglobulins did not affect the suppressor
cell activity. Thus, the suppressor cell may be a null cell.

V. Hormonal action of interferon and antiviral action of polypeptide
hormones.

1. Functional Relationship:

We have shown that interferon caused a species-specific hormonal response
(noradrenaline-like stimulation of the beat frequency of cultured mouse
myocardial cells). Noradrenaline induced.an interferon-like antiviral state in
mouse myocardial cells but not human amnion (WISH) cells. In conditions which
demonstrate interferon-induced transfer of viral resistance, exposure of co-
cultures of mouse myocardial cells and WISH cells to either human interferon or
noradrenaline caused an increased beat frequency in the myocardial cells and
development of antiviral activity in WISH cells, respectively. These studies
strongly suggested common pathways of interferon and hormonal stimulation that
are transmissible between cells. In order to determine whether this is a
general phenomenon, we studied other possible in vitro hormonal actions of
interferon and the potential antiviral activity of polypeptide hormones.

As has been previously shown{38-40)ACTH activity can be measured on mouse
Y-1 adrenal tumor cells by a cell rounding assay (Fig. 1 left). Mouse, but not
human interferon, also caused a dose dependent increase in Y-1 cell rounding.
Similarly, ACTH and mouse interferon caused increased steroid production, while
human interferon did not (data not shown). Thus, interferon can cause a
species specific hormonal response on cells derived from the adrenal glands.
Interferon caused development of a species specific antiviral state in mouse
Y-1 adrenal tumor cells. ACTH also had antiviral activity on Y-1 cells (Fig. !
right). However, ACTH did not have antiviral activity on mouse L cells or

human amnion (WISH) cells (data not shown). These data show that ACTH has cell

specific antiviral activity.
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ACTH is composed of 39 amino acids, the first 13 of which are identical to
u-melanocyte stimulating hormone (MSH). For this reason, ACTH can cause
melanin production by melanoma cells (Fig. 2 left). Human, but not mouse
interferon, also caused melanin production by human melanoma cells. We have
tested two other human melanoma lines of which only one produced melanin in
response to ACTH. Human interferon induced melanin in this same cell line
without causing this response in the other. Human melanoma cells also became -
resistant to virus infection after ACTH or human (but not mouse) interferon
treatment (Fig. 2 right).

While the ACTH used in these studies was highly purified, the interferon
was a crude preparation. Thus it was necessary to determine whether the
hormonal effects were actually due to interferon. Table 16 shows that specific
rabbit antisera to mouse (C-243) and human fibroblast interferons neutralized
mouse interferon induction of Y-1 cell rounding and human fibroblast interferon
induction of melanin, respectively. These results provide strong evidence that
the hormonal effects were due to the interferon in the preparations.

2. Structural Relationship:

The above similarities in action led us to propose that there might be
structural similarities or identities between particular interferon types and
certain polypeptide hormones. Initial immunologic studies supported this
hypothesis by showing strong antigenic relatedness between human leukocyte
(HuIFNa), but not fibroblast interferon (HulFNg), ACTH and endorphins (41).

Fig. 3 (left panel) shows that anti~-ACTHa (1-13) antiserum, in a dose
dependent fashion, neutralized human leukocyte but not fibroblast interferon.
Since human leukocyte and fibroblast interferons are known to differ antigenically
as well as structurally, these data showed that the neutralization of leukocyte
interferon by anti-ACTH (1-13) serum was specific. Increasing concentrations of
ACTH blocked the neutralization of human leukocyte interferon by anti-ACTHa (1-13)
serum (Fig. 3, right panel). Thus, the antiserum was recognizing ACTH antigenic
determinants on the human leukocyte interferon molecule. The finding of almost
complete blockage by ACTH indicated that the antiserum was not recognizing
determinants in leukocyte interferon other than ACTH. It should be noted that this
is a highly specific rabbit antiserum which was raised against synthetic ACTHa (1-
13) (also melanocyte stimulating hormone, a~MSH). It has a titer by
radfoimmunoassay of 1:38,000 and 1:1000 against ACTHa (1-13) and natural porcine
ACTH (1-39), respectively (Bio-Ria, Brussels, Belgium).

It is known that ACTH and endorphins (brain polypeptide hormones with
opfate activity) can be derived from a single commoii precursor molecule that is
immunoprecipitable by specific antisera to either ACTH or endorphins (42).
Leukocyte interferon also appears to contain an endorphin-like antigenic structure,
because a highly specific rabbit anti~endorphin serum (raised against synthetic
endorphin, Bio-Ria, Brussels, Belgium) neutralized human leukocyte interferon
activity (Table 17). This neutraiization was blocked by yv-endorphin. Antisera
directed against polypeptide hormones that are structurally unrelated to ACTH and
endorphins did not neutralize Teukocyte interferon. Specifically, there was no
neutralization with anti-human LH (leuteinizing hormones) (1:80) or FSH (follicle
stimulating hormone) (1:300) sera (gifts of Or. E.R. Smith). Taken together these




data showed that human leukocyte interferon shares antigenic determinants with ACTH
and the endorphins. ;

Further evidence that interferon and ACTH have common antigenic sites is
the finding that an antiserum to human leukocyte interferon (Table 18) or anti-
ACTHa (1-13) serum (data not shown) neutralized the bioactivity of ACTH. Proof
that human leukocyte interferon antiserum recognized an ACTH determinant in the
leukocyte interferon molecule was found in the observation that ACTH blocked the
neutralization of leukocyte interferon by anti-leukocyte interferon serum (Table
19). This blockage was incomplete, which suggested that leukocyte interferon
antiserum also recognized determinants other than ACTH on the interferon molecule.
These common antigenicities of ACTH and leukocyte interferon may have important
practical applications for the purification and immunodetection of leukocyte
interferon. In fact, anti-ACTH antibody affinity chromatography has been used to
purify leukocyte interferon 10,000 fold in a single step (see below).

Table 20 shows data which suggests that structural similarities underlie
the antigenic relatedness of human leukocyte interferon and ACTH. All of the
bioactivity of ACTH resides in the amino terminal 24 amino acids [ACTHa (1-24)] of
this molecule. ACTHa (1-24) is common to all species, pepsin insensitive and has a
molecular weight of 2400. Preliminary experiments had shown that human leukocyte
interferon lacks ACTH activity on mouse Y-1 adrenal tumor cells. We reasoned that
if the ACTHa (1-24) sequence was found within human leukocyte interferon, pepsin
digestion of leukocyte interferon should generate ACTH activity. ACTH activity was
measured by an increase in the number of rounded Y-1 cells when ACTH is present.

Pepsin digestion of human leukocyte interferon completely destroyed its
antiviral activity and caused_the appearance of ACTH activity (Table 20). The
pepsin cleaved fragment was neutralized by anti-ACTHa (1-13) antiserum and had a
molecular weight greater than 1000 but less than 5000 as determined by Amicon
ultrafiltration. Human fibroblast interferon had no ACTH activity either beforg gr
after pepsin treatment. The high specific activity of leukocyte interferon (10°°
U/mg protein) raises the question: Can enough ACTH be generated -from an interferon
preparation for detection in the Y-1 cell assay? Based on its specific activity,
1000 U of leukocyte interferon should contain approximately 3 ng of interferon.
Total cleavage of 1000 U of Teukocyte interferon theoretically should yield 0.6 ng
of ACTH since the molecular weight of ACTH is approximately 1/5 that of leukocyte
interferon. This amount of ACTH is easily detectable in the Y-1 cell rounding
assay (see Table 2). In fact, the amount of ACTH activity generated by peg;in
treatment of 1000 U of leukocyte interferon approximates that seen with 10 ~ units
of ACTH (about 0.5 ng) when parallel titrations were done. These data strongly
suggest, based on pepsin insensitivity and the molecular weight of the ACTH-like
fragment of human leukocyte interferon, that the antigenic relatedness of leukocyte
interferon and ACTH are based on structural similarities or identities. Table 21
shows that the ACTH activity in pepsin treated interferon preparations is
neutralized by anti-ACTHa (1-13) serum and is not present in fluids from non-
interferon producing lymphocyte cultures. Thus the bioactivity is immunologically
related to ACTH. .

As previously mentioned, endorphins and ACTH are derived from a common
precursor molecule which is immunoprecipitable by both antisera to ACTH and
endorphins. Likewise, the antiviral activity of human leukocyte interferon
preparations was neutralized by specific anti-Y endorphin as well as anti-ACTHa (1-
13) sera. Endorphins bind to specific receptors on brain tissue and compete with !
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opiates for these binding sites (for review see 43). A human leukocyte interferon
preparation wag assayed for endorphin-related substances by an assay measuring
inhibition of “H-dihydromorphine binding to mouse brain tissue (Table 22). A
significant amount of dihydromorphine binding was inhibited by the interferon, but
not by a control preparation. _;he inhigition was dose dependent and was on the
order of that observed with 10 ° to 10 = y-endorphin. The above data demonstrate
the bioactivities in leukocyte interferon which are expected based on previous
immunological evidence.

Although the above immunologic data show a relationship between leukocyte
interferon, ACTH, and endorphins, they did not prove the molecules are covalently
linked. Purified human leukocyte interferon was examined by polyacrylamide gel
electrophoresis to determine if the ACTH and endorphin activities were inseparable
and if interferon was a common precursor.

Interferon was purified to 107 U/mg protein by anti-ACTHa (1-13) antibody
affinity chromatography which exploited the antigenic relatedness between human
leukocyte interferon and ACTH. A highly specific antibody made against a synthetic
fragment of ACTH (ACTHa 1-13) was purified from commercially available antisera (Bio
Ria) on an ACTH-sepharose affinity column (Fig. 4). This purified ACTHa (1-13)
antibody was then ccupleg tu cyanogen bromide-activated sepharose (4 ml). Figure 5
shows that when 4.5 x 10” units of human leukocyte interieron were loaded onto the
ACTHa (1-13) agtibody-sepharose affinity column 4.5 x 10" units (10%) did not bind
while 4.0 x 10° units (90%) bound and was eluted by 0.1 M glycine buffer (pH2). The
10% non-bound interferon failed to bind when applied a second time which indicates a
different species of interferon rather than saturation of the column. T9e specific
activities of the applied and~bound leukocyte interferon were 10~ and 10° units/mg
protein, respectively. Thus this 4 ml antibody affinity column can purify human
Teukocyte interferon 10,000 fold in a single step with 90% recovery of the applied
activity. We have determined that this antibody affinity column has a capacity to
bind 5 ug of ACTH. Assuming an equal affinity of the antibody for ACTH (molecular
weight of 4000) and leukocyte interferon (molecular weight of about 20,000) (which
seems reasonable based on relative neutralization titers) and a known molecular
weight ratio for these mo]eculys of 5, the 4 m1 column should hold 25 ug of
leukocyte interferon (about 10" units). This purification procedure did not overly
bias the results since 90% of the interferon activity was bound to the column. The
10% of the interferon population not bound to the column did not contain ACTH
activity when assayed on Y-1 cells either before or after pepsin treatment (data not
shown). Elution of the interferon from the column with pH 2 buffer generated ACTH
activity which previously was not present. This was not totally unexpected since
acid cleavage of ACTH was previously reported (44).

Electrophoresis of the purified human leukocyte interferon confirmed the
presence of at least two molecular species of interteron (Figure 6a) (45). Two
peaks of interferon activity were detected at apparent molecular weights of 23,000
(23K) and 18,500 (18.5K) daltons. Assay of the gel slices on Y-1 cells showed ACTH
activity present in a Tow molecular weight form co-migrating with a known sample of
ACTH. When the material from the gel in Figure 6a was digested with pepsin and
assayed on Y-1 cells, ACTH activity was generated from the material associated with
the larger molecular weight interferon(Figure 6b). ACTH activity was still
associfated with the material at the bottom of the gel and thus was pepsin
insensitive. No activity could be generated from the lower molecular weight
interferon peak. Though not directly determinable because of the minute amounts of
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protein added, the interferon bands in the polyacrylamide gel should be essentially
homogenous. Based on the experience of others (45) utilizing very similar
techniques and interferon of similar purity, SDS polyacrylamide gel ele;trophoresis
resulted in a 20 fold purification. Since our starting material was 10" U/mg
prgtsin, the interferon in the gels should have a theoretical specific activity of
107" U/mg protein. In order to show that the low molecular weight ACTH activity
could be derived from the 23,000 dalton leukocyte interferon, the eluted gel slice
(23,000 dalton) was subjected to pepsin treatment, followed by electrophoresis
(Figure 6¢). No ACTH activity was present in gels of nondigested interferon.
Pepsin digestion of interferon, however, generated a peak of low molecular weight -
ACTH activity. No interferon anti-viral activity remained following pepsin
digestion. This data suggests that ACTH activity is derived from and covalently
1inked to the leukocyte interferon molecule. It is tempting to speculate that the
large form of the interferon is inherently unstable and following protease or acid
treatment (such as that used to elute the affinity column) causes cleavage of the
ACTH fragments. This (pH 2 elution) would account for the presence of low molecular
weight ACTH activity present in gels of affinity purified interferon. Interferon
not subjected to low pH or protease has little or no low molecular weight ACTH
activity (Figure 6¢). Furthermore, it seems plausible that the 18,500 daiton
interferon might be derived from the 23,000 dalton species since the difference in
their molecular weights is approximately that of ACTH (about 3000 daltoss).

ACTH migrated with the buffer front in the 12.5% polyacrylamide gels and,
therefore, did not separate entirely on a molecular weight basis. To show that ACTH
generated from interferon does co-migrate with natural ACTH, samples were
electrophoresed in duplicate on 15% polyacrylamide gels (Figure 7). ACTH activity
from interferon and the standard banded in the same region of the gels. Endorphin
activity was detected in the gel slices associated with both the 23,000 and 18,500
dalton interferon bands plus several low molecular weight peaks of activity (data
not shown). Following pepsin treatment of interferon, there appeared to be an
increase in low molecular weight endorphin material. ‘

Since leukocyte interferon is a lymphocyte product and is apparently a
precursor to ACTH and endorphins, specific antisera to these hormones provided a
means to study the lymphocytes responsible for interferon, ACTH and endorphin
production. Interferon was induced by Newcastle Disease virus (NDV) infection and
1ymphocytes were assayed for ACTH and endorphins by an indirect immunofluorescence
technique. ‘Figure 8c shows that virtually all NDV infected (interferon
producing), but not non-infected (Figure 8b), 1ymphocytes exhibit positive
immunofluorescence with anti-ACTHa (1-13) serum at 18 hr post infection. There
was a progressive increase in the percentage of positively staining 1ymphocytes
with time, which paralieled the increase in leukocyte interferon. At 1, 6, and 8
hr post infection, 0, 30 and 50% of NDV-infected 1ymphocytes showed positive
immunofluorescence, respectively. The maximum percentage (100%) of stained
lymphocytes was observed between 18 and ‘24 hrs post infection and thereafter
declined. Trypan blue dye exclusion indicated that greater than 95% of both
infected and noninfected lymphocytes were viable at 24 hr post infection. Figure
8d shows that NDV infected lymphocytes also stainea with anti- endorphin serum.
Increases in the percentage of endorphin positive cells were similar to those seen
for ACTH. Noninfected lymphocytes did not stain with this antiserum (not shown).
The fluorescent staining pattern was cytoplasmic for both sera.
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Both rabbit anti-ACTHa (1-13) and anti-¥-endorphin sera were prepared
against synthetic antigens and are highly specific reagents. Table 23
demonstrates the specificity of the immunofluorescent staining. Only NDV infected
1ymphocytes stained with the anti-ACTHa (1-13) or anti-v-endorphin sera. The
staining reaction of the anti-ACTHe (1-13) sera was blocked by absorption with
porcine ACTH (1-39) but not with NDV or noninfected lymphocytes. This shows that
a viral product of NDV infection was not staining. All the lymphocytes inoculated
with NDV appeared to be infected since 100% of the cells showed positive staining
with anti~NDV serum. Immunofluorescence with anti-human immunoglobulin serum
stained equal percentages (about 20%) of infected and noninfected 1ymphocytes
suggesting that surface immunoglobulin or Fc receptors were not involved in
the anti-hormone staining. Mouse pituitary tumor cells (AtT-20) which
spontaneously produce ACTH (42) stained with anti-ACTHa (1-13) serum; whereas NDV
infected human (WISH) amnion cells (which produce fibroblast but not leukocyte
interferon) did not stain (data not shown). This result is further evidence that
the anti-ACTHa (1-13) serum was not detecting NDV antigens and is specific for
leukocyte interferon. Stimulation of human lymphocytes with several mitogens
(staphylococcal enterotoxin A, concanavalin A, and phytohemagglutinin) failed to
elicit positive 1mmunof1uorescence with anti- ACTHa (1-13) serum, which indicates
that mitogenesis alone is not sufficient to induce the ACTH- ]1ke material.

Human tumor and xenogenic cells induce leukocyte interferon production
by non-sensitized human lymphocytes. When transformed mouse (L-929) or human
(WISH) cells were co-cultured with human lymphocytes, the lymphocytes, but not
the tumor cells, stained with anti-ACTHa (1-13) serum and produced leukocyte
interferon. In the presence of L and WISH cells, only 52 and 54% of the
lymphocytes appeared to produce ACTH-like mater1a1, respectively (data not
shown). Reasons for the difference between transformed cell and virus induction
of ACTH-like substances are unknown at present, but may be related to differences
igfthe mechanism and efficiency of induction or the lymphocyte types which are
affected.

The finding that essentially 100% of NDV infected lymphocytes were
stained with either anti-ACTHa (1-13) or anti« endorphin sera at 18 hr post
infection is important for a number of reasons. First, a cross reaction between
human 1mmunoglobulin class IgGl, and g-endorphin and ACTH has been reported (46).
It seems that this is not the reason for our findings since immunoglobulins are
on the surface of only about 20% of peripheral lymphocytes (B cells) and IgGl on
about 1% (47). Further support for a negligible role for this crossreaction is
the inability to generate ACTH activity from IgGl by protease digestion while it
is readily observed in pepsin-treated interferon. Second, the anti-ACTHa (1-13)
and anti-y-endorphin sera do not crossreact {data not shown) which implies that
each lymphocyte can produce both antigens, presumably in the form of interferon.
Lastly, apparently all lymphocyte types- (B, T and null cells) in peripheral blood
can produce ACTH, endorphin and leukocyte interferon in response to NDV. Thus,
this response to virus infection seems to be of a generalized nature and may
represent a mechanism for the detection of leukocyte interferon-producing cells.
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VI. Cell-free transfer of interferon-induced viral resistance.

As previously indicated (Progress Report 2), our finding of an interferon-
induced transfer material in extracts of interferon treated cells has been
complicated by the presence of an antiviral substance in control cells (Control
Material, CM). We felt that to more clearly understand the transfer material,
we must first elucidate the nature of CM in the hope of eventually removing it
as a variable.

Te Is CM fibronectin?

Several observations had indicated the possibility that CM might be
fibronectin, Studies have shown that like fibronectin, CM is greater than
300,000 MW, extremely trypsin sensitive, produced by normal more than
transformed cells, and probably released from the cell membrane. We have also
shown that CM's activity is removed by a gelatin/sepharose affinity column
which selectively binds fibronectin. To determine whether CM was fibronectin,
we have employed specific antisera. We found that commercially available
rabbit anti-human fibronectin antibody was able to neutralize CM (Table 24).
CM from mouse embryo and human lung cell sonicates was neutralized but not CM
from human WISH or mouse L 929 cells which are transformed cells. This may
indicate the presence of structurally or antigenically different CM or
fibronectin molecules. Further evidence that CM may be fibronectin is the
finding that treatment of transformed L 929 ceils with CM from normal human
lung cells changed the morphology of the L cells. Similar to fibronectin, CM
caused the L cells to assume a more "normal" morphology. This change could be
blocked by antibody to fibrohectin.

To determine whether fibronectin (CM) might be associated with interferon
action, we examined the effect of interferon treatment on the levels of fibronectin
in transformed cells. As shown in table 25, fibronectin as determined by indirect
immunofluorescence increased in transformed human WISH cells treated with human
interferon. To eliminate the possibility that the fluorescence was due to soluble
fibronectin present in the human interferon preparation adsorbing to the WISH
cells, interferon was subjected to gelatin/sepharose affinity chromatography to
remove endogenous fibronectin. As shown in table 26, the increase in
immunofluorescence remained after removal of soluble fibronectin. It should also
be noted that mouse interferon did not cause an increase in immunofluorescence.
This is further evidence that the increased fibronectin was not acquired from the
interferon preparations and also shows that the increase is species specific (like
other actions of interferon). Soon after this phenomenon was observed, a
publication appeared indicating that interferon caused a rearrangement of
fibronectin on cells (48). Prelimingry evidence (Table 27) shows that interferon
caused an increase in the amount of “H-amino acids incorporated into a gelatin
binding protein, presumably fibronectin.

This suggests that in addition to any rearrangement, there is an increase
of fibronectin. Since interferon appeared to increase the cell associated levels
of fibronectin, we wondered if this increase was related to the antiviral effect.
Preliminarily, exposure of interferon treated human WISH cells to antifibronectin
antibody resulted fn a significant decrease in antiviral activity. In light of the
data presented, there is a possibility that fibronectin might be the transfer
material or may be induced by the transfer material. This is currently under

study.
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2.

Characteristics of the antiviral action of CM.

a) Kinetics of action: CM produced in L cells was placed on
varying cells for varying periods of time. Cultures were then washed
and challenged with VSV. Twenty-four hours later virus yields were
determined. Table 28 shows that with increasing times of treatment
with CM, there was a progressive decrease in the yield of virus.
Significant inhibition was first observed after 6 hrs incubation.

b) Protein synthesis: It appeared that CM might induce an
antiviral state in cells since cells retain antiviral activity after
CM is removed by washing. Data consistent with this are shown in
Table 29. Cycloheximide treated or control cells were treated for
the 8 hrs (2a) with CM. Cultures were washed to remove the
cycloheximide and were challenged with VSV. Virus yields were
determined 24 hrs later. We found that cycloheximide blocked CM's
antiviral action. CM activity involves de novo synthesis of a
protein since its action was blocked by cycloheximide.
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C. Discussion and Conclusions:

IFN-a production is the first step in the transfer of viral resistance
from non-sensitized lymphocytes to co-cultured heterologous cells. With the
exception of erythrocytes, this process can be initiated by virtually any
xenogeneic normal cell and any xenogeneic or allogeneic tumor cell. Thus it
seems that the process may be a general type of mechanism by which B
1ymphocytes recognize foreigness. The inducer on the foreign cell is
apparently a cell surface glycoprotein which is present on both normal
(xenogeneic) and transformed cells. It is unknown at present whether this
molecule(s) is the same or different on various species and types of cells.
The IFN-a inducer seems to be recognized by a surface protein receptor on non-
sensitized lymphocytes which is not present on normal fibroblasts. In a
specific sense, an understanding of this inducer: receptor system should
elucidate the initial mechanisms involved in the production of IFN-a and the
subsequent initiation of the lymphocyte transfer process. Generally, it may
represent an important mechanism of recognition of tumor and other foreign
cells. In this regard, it will be important to determine whether specific
recognition is involved with each foreign cell.

While B but not T Tymphocytes appear to be the major IFN-a producer in
response to foreign cells, both B and T lymphocytes can transfer viral
resistance. The difference, of course, is that exogenous IFN must be added to
T lymphocytes for transfer to occur. In a mixed population of lymphocytes, we
assume that T lymphocytes are recruited to transfer viral resistance via IFN-a
production by B lymphocytes._

Based on these and previous findings (26-28)we have developed the
following operational model for the 1ymphocyte transfer process. Xenogeneic or
allogeneic tumor cells are recognized by nonsensitized B 1ymphocytes and IFN-a
is produced. This IFN acts back on B and T lymphocytes to generate a
substance(s) which is transferred directly to the xenogeneic cells and causes
induction of the antiviral state. Since the transfer process requires a
transcriptional event in the recipient cell, the transferred material may
represent the molecule which transmits IFN's signal from the cell membrane to
the nucleus (6). -

Taken together, these studies strongly suggest a new and efficient host
immune defense against virus infection. In vivo, the system would be activated
by IFN (produced by B lymphocytes in response to virus and virus-infected cells
or by virus-infected cells alone). Once activated, migrating lymphocytes could
transfer resistance to other tissues. Unlike cytotoxic cells, cells capable of
transferring resistance could rapidly help protect vninfected and recently
infected cells without destroying them.. In fact, in the systems herein
reported, protection of virus-infected cells correlated with transfer of
resistance but not with cytotoxicity by lymphocytes.

Unlike the transfer of viral resistance, the transfer of IFN-induced _
immunosuppression is not mediated by B and T lymphocytes. Although depletion
of macrophages did not affect the suppressor cell activity (Table 4), which
suggests that the suppressor cell is a lymphoid cell. Preliminary treatment of
suppressor cells with anti-Thy-1 serum to remove T-cell activity and with
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rabbit anti-mouse immunoglobulin serum to remove B cells with surface
immunoglobulins did not affect the suppressor cell activity. Thus, the
suppressor cell may be a null cell.

In addition to the above novel efffects on immune cell function, the
literature is replete with many other diverse actions of interferon (for review
see49), These actions are usually thought of in terms of a unique mode of
action of interferon. However, one wonders how these many effects are mediated
via a unique pathway. We have proposed that the action of interferon is not
unique but shared with other hormones. While specifically targeted hormones
- may be limited in the number of effects they have by the number of different
target cells or tissues with complementary receptors, no such barrier seems to
exist for interferon. Most nucleated cells appear sensitive to interferon.
Since interferon and hormones apparently share common pathways, interferon
should cause many responses which are dictated by the cell type or tissue.

Data supportive of this idea are the present findings of interferon induction
of steroidogenesis and melanogenesis. These additional hormonal actions of
interferon lead one to further question whether many of the biochemical changes
in interferon treated cells are really interferon specific or more generally of
a hormonal nature. The present studies raise to three the number of cell types
with specialized functions which can be ‘invoked by interferon, i.e., mouse
myocardial cells, adrenal tumor cells and melanoma cells. We expect that
interferon may have as many actions as there are specialized cells on which to
measure them. Conversely, these studies have shown that like noradrenaline
another hormone, ACTH, can cause antiviral activity on its target cell types.
This antiviral state was cell but not species specific. These findings support
the view that beyond the point of the membrane receptor, interferon and
polypeptide or polypeptide-Tike hormones share pathways leading to cell
activation. If this is true then perhaps the natural function of interferon is
hormonal and that of hormones includes protection of tissues against viruses.

Further evidence for this is the finding of antigenic and structural
similarities between leukocyte interferon and ACTH and y-endorphin which
implies that leukocyte interferon may be a precursor to these hormones. In
vivo proteolytic cleavage of leukocyte interferon could generate peptide
hormones (ACTH and endorphins) which influence the neuroendocrine system. The
result would be that leukocyte interferon may play a pivotal regulatory role
via known hormonal circuits. This idea is perhaps even more appealing in light
of the expanding 1ist of leukocyte interferon inducers, i.e. viruses, bacteria
and bacterial products, double stranded RNA, tumor cells, xenogeneic cells,
etc. The relationship we have observed between leukocyte interferon, ACTH, and
endorphins, raises the interesting possibility that different interferon types
or other lymphocyte products (1ymphokines) may be related to known peptide
hormones or that they derive from a common molecule(s). If in vivo cleavage
occurs, the described effects of interferon on cancer, hepatitis, herpes and
common colds, etc. may require a reevaluation which considers possible
secondary hormonal effects. Furthermore, leukocyte interferon production and
subsequent modification might explain the pathophysiology of certain diseases.

Since these studies concerned a product of lymphoid cells, the data
presented here suggest that the immune system can produce a precursor to
neurcendocrine hormones. In fact, leukocyte {nterferon-producing lymphocytes
showed positive fluorescence when stained with efther ACTHa (1-13) or endorphin
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antisera in an indirect immunofluorescence procedure. Thus direct and known
polypeptide hormonal circuits appear to exist between the immune system and the
neuroendocrine system. This circuit may represent a mechanism by which the
immune system signals other tissues, such as the brain and adrenal glands,
during infection, tumor formation and chemical insult. An understanding of
this putative lymphoid-pituitary-adrenal axis and the involvement of interferon
may lead to new strategies for the detection and treatment of tumors, ’
-autoimmune and infectious diseases.

Progress towards elucidation of the putative secondary messenger
molecule(s) thought to be responsible for the transfer of interferon's hormonal
and antiviral actions was hampered by the presence of an antiviral substance(s)
in control and interferon treated cells (Control Material, CM). The CM has
tentatively been identified as fibronectin. Interestingly, the antiviral
activity of CM is similar to interferon in that it requires induction of a new
protein. Furthermore, interferon seems to induce fibronectin production. Thus
it is tempting to speculate that fibronectin may be involved in the antiviral
action of interferon. Preliminary evidence for this is the inhibition of
interferon action by anti-fibronectin serumn. If fibronectin is involved in
interferon action, it may be the transfer material and/or may be induced by the
transfer material. Further study of these possibilities should delineate a new
aspect of interferon's antiviral action, especially as related to the
interferon induced transfer processes. Additionally, they may define new
functions for fibronectin, a molecule of much current interest because of its
prevalence on normal as opposed to transformed cells.

e
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Table 1. Effect of Redistribution of L Cells from a Monolayer
to Single Cells on Interferon Action

Manipulation* Log;q Inhibition of VSV Yield at:

0 hr 1 hr 2 hr 4 hr 6 hr
Single cells to single cells none none 6.1 . 0.2 0.5
Monolayer to single cells none 0.3 0.7 1.5 1.6

*Isolated single cells (1x104 L cells/well) or monolayers (1x105 L
cells/well) in microtiter plates were treated for the indicated times
with 10 U/m} of mouse interferon, trypsinized and replated as single
cells (1x10° L cells/well). Cells were then infected with VSV and the
yield of virus determined 24 hrs later by a microplaque assay (6).

vy

Table 2. Effect of Redistribution of L cells from Single
Cells to Monolayer_on Interferon Action.

Manipulation* Log Inhibition of VSV Yield at:
Ohr 2hr 4 hr_ 6 hr

Single cells to monolayer none 0.3 0.9 0.8

Single cells to single cells none 0.2 0.4 0.2

*Single cell suspension (1x105 L cells/ml) were treated for the
indicated times with 10U/ml of mousg interferon washed and cells were

. either plated (0.1 ml/well) at 1x10 .cells/well (single cells) or
concentgated by centrifugation (1x10° cells/ml) and plated (0.1ml/well)
at 1x10° cells/well (monolayer). Cells were then infected with VSV and
the yield of virus determined 24 hrs later by a microplaque assay (6).
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Table 3

Induction of interferon in mixed cultures containing
human T and B cells and xenogeneic or
allogeneic cells

Human Interferon

units/ml
Cell line Animal origin T B
WIRA Rat 10 3,000
RK-13 : Rabbit k) . 3,000
Glioma Human 0 10,000
Neuroblastoma Human 0 10,000
WISH Human 3 10,000

3antiviral units after 24 h incubation of mixed cultures of
nonolayers of the cell line with fractionated lymphocytes,

BGltoma and neuroblastoma cells were obtained from Dr., E. Tiffany-
Castiglioni, University Texas Medical Branch, Galveston, Texas.

e ——————— .- - - —— s = e ——— e ————

Table 4 .

Failure of heterologous erythrocytes to induce leukocyte interfercn
in nonsensitized human lymphocytes

Inducing Concentration Interferon

Cell (no/0.1 ml) (units/ml)

Buzan R3C 1. x 102 0

5 x 10 0
Sheep RBC 1 x 10} 0

5 x 10 0
Mouse Embryo lx 102 300
Fibroblast S x 10 1000
None -, ) 0

Lynphocytes were prepared and co-~cultured as described in text.

Human erythrocytes (RBC) were collected from the pellet of Ficoll
gradient separated whole blood, The human erythrocytes and lymphocytes
vere from diffarent i{ndividusls, The sheep RBC was a commercial
preparation in Alsever's solution (Colorado Serum Co. labs., D7nve:.
Colorado).
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Table 5

Interferon induction in nonsensitized mouse spleen cells
and human lymphocytes co-cultured with hecterologous cells

Interferon (U/ml) content
when assayed on:

Lymphogyte Inducing Cell Human Mouse
(1x10) {1x107) WISH cells L cells
Huaaa Mouse L 3000 <3
Human fibroblast <3 . ND
None <3 _ ND
Mouse Human WISH <3 1000%
spleen Mouse embryo ND <30
None ND (& ]

*Mouse spleen interferon was greater than 902 stable to pi 2 treatment
whereas 100Z of mouse immune interferon was inactivated by pH 2
treatment. Human lymphocytes were prepared and co—cultivated with
foreign cells in microctiter plates (0.2 ml total volume/well) as
described in text. Mouse spleens were removed from C57
B1/6 mice, then teased and pipetted to separate iato individual
cells., Spleen celis were co-cultured with human amnion (WISH)
cells under identical conditions as the human lymphocytes. Mouse
and human interferons were assayed on mouse L or human WISH cells
with a micro plaque-reduction technique with vesicular stomatitis
virus (VSV),

Table §

Effect of protease treatment of inducer cells on interferon
induction in nonsensitized mouse spleen cells -

Length of Treatmeat (min)

Enzyme Concencration
Treatment (ug/ml) 10 30 60 120
None 0 300% 300 300 300
Trypsin 10 300 300 100 30
100 300 160 60 30
1000 <30 <3¢ <30 <30
Pepsin 10 -300 300 300 100
100 100 100 100 30

*Interferon (U/ml)

Mouse spleen cells were prepared, diluted (lx%07/ul) and co~cultivated
as described in text, WISH cells (1x10 /ml) were diluted {ato
EMEM containing no serum and treated with trypsin (302 U/mg; Millipore
Corp., Freehold, N.J,) and pepsin (3180 U/mg; Sigma Chem. Co., St.
Louis, MO) at the indicated concentrations or length of time.
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Table 7

Effect of neuraminidase treatment of inducer cells om the induction
of interferon in nonsensitized mouse spleen cells

Length of Treatment (min)

Enzyae Concentration

Treatzent (ug/ml) 10 30 60 120

None 0 160* 160 160 160

Trypsin 100 160 40 40 20

Neuraminidaseb 0.002 80 80 80 80
0.026 80 80 40 - 40
0.256 40 40 40 20

31nterferon (U/ml)
) U/25.6 wg (Sigma)

Table 8. Mouse Lymphocyte Reczptor for IFN Inducer.

Inducer Receptor Sonication Interferon
(dilution) (iminutes) (U/ml1)
+ - - 100
~+ Undilute 0 60
+ 1:10 0 100
+ Undilute 1 T <30
+ 1:10 1 60
+ Undilute 5 <10
. 1:10 5 <30
- Undilute 1. 0
- - - ' 0

Inducer was the supernate fluids of sonfcated (1 min) and clarified

human WISH cells. Recgptor was prepared by sonication of C57/B1 mouse

spleen cells (2.5 x 10° cells) for the indicated times followed by
centrifugation to remove cell debris. Undiluted inducer was mixed with

the indicated amounts of receptor and incugated for 45 minutes at 37°C.
Mixtures are then added (0.1 ml) to 5 x 10° mouse spleen cells (0.1 ml)

in microtiter plates. After 24 hrs incubation at 37°C in 4% CO

supernatant fluids are assayed for mouse interferon by microplaaue 31
reduction on mouse L cells.




Table 9. Human Lymphocyte Receptor for IFN Inducer.

Inducer Receptor Interferon
(undilute) (undilute) (% of Control)
+ + 30
- + 0

Procedures are the same as in Table 8 except mouse
L cells were the source of inducer and human
lymphocytes (sonicated 1 minute) was the source of
receptor. Receptor above did not induce interferon.

Table 10. Lack of a Receptor on Mouse Embryo Fibroblasts
(MEF) for the IFN Inducer.

Inducer Receptor Interferon
{undilute) {undilute) - (% of Control)
MEF Mouse Spleen Cell '
+ + 30
+ + : 100
- + 0
- + 0

Procedures ars as described in Table 8 except that receptor
material was also inade from mouse embryo fibroblasts. Mouse embryo
fibroblasts and receptor do not induce interferon production by mouse

_spleen cells. )
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Table 11. Trypsin Sensitivity of Mouse Lymphocyte Receptor
for IFN Inducer

Spleen cells/0.1 ml Treated Interferon
Minutes Trypsin (mg/mi) (U/mi)
1 x 108 0 0 | 50
" 5 1 40
" 15 ] <10
" 30 1 <10
" 60 ] <10
5 x 10° 0 0 120
" 5 1 90
" 15 1 60
" . 30 1 <10
C57/B1 mouse spleen cells were treated for the indicated times with

trgpsin. Spleen cells were washed and added to human WISH cells (1 x
107) in microtiter plates. After 24 hrs supernatant fluids were assayed
for mouse interferon.

Table 12. Transfer of interferon-induced viral resistance
. by 8 and T lymphocytes

Interferon (U/ml)

Lymphocytes Log]0 Inhibition of Sindbis Virus Yield
0 1 10 100 1000
B 1.5 -+ . - -
T none 0.3 0.8 1.1 2.0

Human T or 8 lymphocytes were treated with the indicated concentrations
of human [FN-a and co-cultured at a 10:1 ratio with mouse L cells.
Twenty four hours later co-cultures were challenged with Sindbis virus.
After overnight incubation virus yields were determined. Human IFN-a
was gres$?t in the supernatant fluids of non-interferon treated 8 but

i not T cells.
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Table 13 Janibition of leukocyte transfer of
antiviral activity by anti-IF antiserum

Human IF  lnhibition of

Culiure condition” (U/emb virus (%)
Control 100 L))
Normal rabbit serum 100 89
Rabbit anti-human Jeu. 10 10

. kocyte IF serum

* Mouse L cells were cocultured with human leu-
kocyies and rabbit antiserum (National Institute of
Allergy and Infectious Disesses, Bethesda. Md.) to
human leukocyte IF. The leukocyte-to-recipient cell
ratio was 5:1. After 16 h of incubation. fluids were
harvested for IF assay, and the cuitures were chal-
lenged with Sindbis virus (multiplicity of infection =
50). Virus was harvested 24 h later.

Taner 24 Effect of actinomycin 1) treatment of L cells on development of iiral resistance transferred from
Auman leukocytes during cocultivation

Time alter addi.

Cultures® ton of leubocytes  Human [F (U/mi) Virus li:h'b"'m “Cr release (71
e o ) togd
Leukocyies plus L cells 1 300 ' ) 3
16 3.000 20 47
Leukicyvies plus L cells treated 4 0 0.3 3
. with actinomycin D 16 1,000 0.6 50

® Mouse L ceu:f were pretreated with “Crford hand5 ug of actinomyain 1) per m! for 2 h before addition of
leukocytes Lo recipient cells at a ratio of 10:1. IF levels, virus inhibition, and percent specific *'Cr release were
determined at the indicated times.

Table 15. Effect of macrophage depletion on
immunousuppressive effect of interferon-treated
“spleen cclls”
Viahle
cells per  Anti-sheep  Inhi.

Macto- Interferon mi erythrocyvte  bi-
dg:-nhl:::n trestment  added  PFC percul-  tion
tocul- wres SD' ()
tures -
Nut Trested 8x 10 1200 = 3A K
depleted

Untreated 8% 10" 9860 = 764

Trested 4% 10" 2400z 348 &2
Unueated & x 10" 63202 738

Depleted Trested 8x 10" 830 2 I1& 93
Untreated 8$x10° 735602113

Treatd 4¢x 10" 1,640 x 820 n
Untrested ¢ x J0° 5640 = 113

* Suppressor cells were induced with interferon as described
in Table 1, footnote a (1000 U, 2¢ hi. Macrophages were
depleted by passang the cells through & glass wool-giass bead
column. The macrophage-depieted cells were washed twice
befure sddition lo syageneic culiures at the indicated concen
uUationa

* SD. Siandard deviation.
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Table 17 Neutralization of human leukocyte interferon by
) anti-y-endorphin antiserum®

Raduction of
Serum Interferon titer, interferon titer, *
(1:100 dilution) logio (units) -
Ant-y-endorphin' 3.0 90!
Normal rabbit 4.0 0
None 4.0 -

* Procedures are as described in Fig. 1, except s different leukocyie
interferon preparation was used.

* Rabbhit anti-y-endorphin sntiserum had a titer by radicimmuno-
assay of 1:35,000 against y-endorphin.

t Difference is significant (P < 0.01).

Tahle 18. Neutralization of ACTH binactivity by rabbit
anti-human leukacyte interferon antiserum

Bioactivity

Normal

Anti-human leukocyte rabbit
ACTH, interferon antiserum serum No

uni/ml 1072 10-3 10~¢ 10-? serum

0.) 2+ 3+ 4+ 4+ 4+
0.01 1+ 2+ i+ 3+ 3+
0.1 0 0 1+ 24 2+

A 1:10.000 dilution of the rabbit anti-human leukocyte interferon
anuserum neutralizes 10 units of leukocyte interferon. ACTH (Sigma)
and the antisera were diluted in medium and mixed at the indicated

» final concentrations. The samples were incubated at 37°C for 2 hr,
then assaycd fae ACTH activity by a mouse adrenal tumor (Y-1)
cell-rounding assay. The degree of ACTH activity or cell rounding
was rated on s scale of 0—4+: 0 represents the background number of
rounded cells in conteol wells treated only with medium —approxi-
mately 32 rounded cells per X 100 microscope field; 4+ represents the
maximum degree of activity—approximately 300 rounded cells per
field; and 5+, 24, and 1 + represent lower numbersof rounded cells—
%, %, and Y, respectively, of the maximum.

- fer e Em e wmcm

Table 1Y ACTH blockage of neutralization of human leukocyte
interferon by snti-human leukocyte interferon antiserum®

Serum!
Anti-leukocyte Normal Inhibition of
interferon rabbit leukocyte
antiserum antiserum ACTH interferon
(1:200) {1:200) (2 units) activity,! %
+ - + 36
+ - - 88
- + + 0
_~- + - 0
* Except fur a different antiserunt, procedures are as described in Fig. .
1 Right.
* A 1:10.000 dilution of the rabbit anti-human leukocyte interferon -

neutralizes 10 units of leukocyte interferon.
! The difference batween anti-leukocyte interferon antiserum with
and without ACTH is significant (P < 0.05}. Differences between .
anti-leukocyte interferon antiserum (with or without ACTH) and
nurmal rabbit serum are significant (P < 0.01).
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Teble 20. Pepsin cleavage of an ACTH.like lragment from human
leukocyte interferon

Activity
Treatment Rounded cells, interferon
Sample Pepsin  Filtration no./lield* unitt/ml
HulelF - - B35 21 1000
- + 490x 28 0
+ - 10152 92 0
+ +0 10+ 42 Q
ACTH - - 290.0 + 14.1 0
- + 710+ 28 0
+ - 200.0 £ 35.3 <0
+ +! M5+ 21 0
HuFbiF - - 400% 42 1000
+ - B0+ 221 0
Medium - - 325+ 8.6 0
+ - W00 35 0

Human leukocyte interferon (HulelF), ACTR (0.01 units/ml), or
human fibrobiast intetferon (HUFBIF) were diluted as indicated in
acetate bufler (0.07 M sodium acetate/0.05M NaCl, pH «(.0), and
pepsin (Sigma) was added to a final concentration of 3% (wt/wt) of
the total protein (18}, The mixtures were incubated for 18 hr at 37°C
and then assayed on mouse adrenal tumor (Y-1) cells for ACTH se-
Livity or on human amnion ( WISH) cells fur antiviral activity. Some
sampies as indicaled were passed through an uitrafilter membhrane
(Diallu membrane-DM5, Amicon, Lexington, MA) with » malecular
weight limit of 3000 dajtons, and the filtrates were assayed for ACTH
acLivity,

* Mean = SD.

' The ACTH-like activity in this filtrate could be neutralized by in-
culating a sample wai.n an equal volume of s 1:50 dilution of the
anti-ACTH,(1-13) antisera a1 37°C for 2 hr prior 1o assay on Y-1
celis.

! The ACTH activity in this sampie would not pass through an ul-
rafilter membrane (Diaflo membrane-UM2, Amicon) with a mo-
lecular weight limit of 1000.

- . . . ..

Tanle 2
ACTH-11xe Activity froa Human Leutocyle laterferpa
Irestment 2 per
Sanale R . ounged Celly per
tacerranal efs!n Mnfara iela 1o
{1039 u/at) SeL T
’
. - 0.8 4,
. nt1-aCTHa (113} 6.0 5’ 1.2
. torna 2o0v
Muct Interferoa - - 8.0+ 1.0
» * L]
. - 45707
ACTH (0,001 w/al) - - 85.0 + 11.9
: NN
. 12.5 ¥ 13,
: antieAlING {1.13) 1.0 e 233‘
tornd ] oze

Interferon was induced by 1OY “infecti Moy pher
on of
:Mx;u; 45 previoutly described (18), Moct lnu:{:::: is :}-c :
‘:::::::::t‘zv:g"l.r?;'oe-nzleeuu Iymphocrte cvltures. Humaa Teukocyte
9 Chemicals Co.; St. Lowls
z:czu;.w;l:r‘lo.mn sodjue scetate, 0.55 K laCl, l.t'?ﬂ) :';; ::dlv::‘s(u
“3-5 .‘ oAb, Ha, PeleiD $S1ona Caemica) Co., St. Lawis, MO) -u’ *
"‘:“:;‘sr;\u;:: :: : Tina) concentration af 3% {w/v) of in total
. 2tures were Incubated for 18 a *
;;:mtz';:'lootn:‘::?sx'!aur seaples were iuuo(e“l‘ufzhc;ﬂ:::énh
ution) or WS (1/100 (1me) dilues
madiwk contalaing 103 norse sernm for ! & ool i:.:lo
- Al g
(18 8, s i e e e e S e e
vity « Round
aicroscope field (uqnlﬂuuwloox). * Cells vere counces pee
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vprete receptor dinding ectivity of Table 22
Mmsa levdocyte taterferoa

tinal ,m:tuu of specifng
Sudbsiance Concenteation {“u]} dinydromorprine
. (Diivtion} or (M} omalng ({3 so’
Levkocyte interferon I:0° .Je2s
{1000 Units) 1:10 12,0+ 8.0
1:100 36 R
nock faterferon 1:1e S.4 2 ¢2
1:10 $.3 ¢ 4.9
1:160 09313
-8
v-Ungorpnia 10 82,4220
\o_: 1273
., 8.0 ¢ 0.6
i 4228
"Balcaone lo:: T mos8a T
107 6.0 T 12,4
107, 6.0 « 18.7
w., 15.2 * 10.8
10 8.1 + G.2

Oplatle receptor Linging assiys were performed on the hamageal 2ed,
extensively washed, particwlite fraction of whole oovse drafas (in 50 em
TriseHCl Lulfer, p 2.8) sccording ta the acthed of Siwaa et al. (23},
Ihe particulate fraction wis suspendcd in 2 ml of duffer (22 u/v) and
incubates for S sm with 0.] al of the indicsted secple 4t 37°C. Mest
0.) =il g! 1,7 8-“n-¢inyaromorphine (llew Lngland Nucledr; 32.7 Cf sme)”
$ 2 107 °8) was added, tne seaples aized, Ind Iacudaled ta the dogt ol
17°C for 15 oa. hne pertitulate draia asteriol with the dound “li-
dinyarosorphine wis cullected on & glass fiver filter (type A/ Geloua
Instrument Co.; Ann Ardor, MI) and wished ) tises with 4 al ef cole
tuffer. The filters wire ur.cd 4nd counted in 10 8l of ligwid
scintillation coctiarl (Seintt Verse: Fisher Screntific Ca., Fatr Lawm,
H.J.) in « Packard Tricard scintflliation counter. Incudatlions were
Carried out in duplicite ond the values 1istec sdove represent the oesa
& the stanvird devidtion of 1-8 crperrmcnts. Spectific Dindlag wag
defingd 43 thit fraction of Lhe dound radlosct{vity dtsplecead by
aslazone (10°7M). la cach 4ssay 2,000 epy uf “Neginyoromorphine mu
specifically and 1,00V cpa bound nonspe:lhuny.

* di1lution faclor -

- —— ‘. - o . - ———————————

ladle 23 ’
Specificity of Antisers Used for lanunollvorescent SZalaing
Eluorescing { rephocwees (% 2 i3]
_Sera Uninfected JIDV-Infectod
‘antieALTHa (1-13) 36220 950948
antiev-endorphin 4ot 22 9%.7 2 5.0
ant1eaLiNe {1+13) sdsorves
with ACTH (1) 30 el df 2 1ot
dnt1-ACIHa (1=1) sdserded with A
wy (108 8.0 s 2.0 9.9 06
nt1-ACTHe [11]) sdserded with IOV 6.5 2 4.9 %.5 2 4.9
g0y (0214 100 o0
anti-hunan iswunoglooulin (L P I W 9.8 = 2.1
Hereul raddit $.0 2.8 Ss00

Hunan periphersl Vymghecytes (KM} at me‘ colls/al were tafected

vith 10V (10 HA walts). At 18 A pest tafection, the yuphetytes wers

flaed on coverslips, (acwdated with the 1adicited ratdit sattrenm, and

then statned with FITC conjugated goat sntieratdit 1¢6 serue as

descrided under Fig. 6. Three hwnered Lo five Mundred lympaecytes 38

were sdserved for flversscenca.




~ahie 24. Neutrallzation of Mouse Eabryo Cell Contzol Material bx Ancifidbronectin

Antisesun
SAMPLE TKEATMENTa VIRUS TITER (pfu/0.1 ml) % INHIBITION VIRUS CONTROL
o —_— 10 x 10" 71
ry  AntifLb 1:10 3 x 10, 1
. 1:100 13.5 x 10 60
™ NRS 1:10 7.0 x 102 80
1:100 8.0 = 10 76
rirus Conirol —_— - 35 x 10" . —_—

aj .55 ml of und{lute CM was combined with SUA growch media, anti{fibronectin
nn:lsgrum, or aormal Tabh{f sera at the i{ndicated dilut{ons. This was {ncubated
at 377C for 3V ainutes sad assayed for CM activity as before.

Ly QM fronm human lung cuells was also neutralized, Mouse L 929 and human WISH cell
CM were uol neutralized Ly antifibronectin,
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Table 25. ° Effect of Interferon on Fibronecctn-Asgociated Indirect

Iomunoflourescence in lluman WISH Cells

TIME( b) INTERFERON u/ml " FLOURESCENCE

5
15
50

1

5
15
50

1

5
15
50

1

5
15

— 50

[

24

R I I A R A |
R g g g g g g e . A & R

a)

b)

Human WISIl cells were grown on circular coverslips to confluency
and treated with media or the indicated concentrations of human
fibroblast {nterferon for the {ndicated amouncs of time. Cover
slips were then washed 3x {n phosphate buffered saline, dried, and
fixed in cold 95 echanol for 5 min. Coverslips were then
rehydrated and treated with one drop of a 1:30 dilution of rabbit
antifidbronectin antiserum for 30 mins. Excess antiserum was washed
off and coverslips treated with one drop of a 1:15 dilutioa of
flouresceln conjugated goat anti-rabbit antiserum (Cappel
Laboratories, Cochranville, PA.) for 30 mins. The excess was
washed off, slides were mounted and examined for
imounoflourescence. Controls consisted of coverslips treated with
normal rabbit serum plus conjugate or conjugate alone. Both
controls were negative.

=~ indicates background level 1mmuﬁoflourescence in control cells.
+ indicates relative levels of increasing immunoflourescence.
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Table 26. Effect of Fibromeectin Depleted Human Fibroblast Interferon on
Fibronectin-Associated Immunoflourescence in WISH Cells.

TIME INTERFERON FIBRONECTIN DEPLETED FLOURESCENCEb
+ - +
+ + +
3 + - +
+ + +
6 + - +
+ + +
24 + - +
+ + +
House - -

a) Coverslips prepared as before. 10 ml of Human fibroblast interferon
(50u/ml) was subjected to gelatin/sepharose affinity column
chromatography. This tnterferon was then used along with non-
chromatographed intecrferon as before.

b) - refers to 0-20% flourescence
+ refers to 70-100% flourescence

Table 27. Effect of I[ntecficon on 3u Fibronect{n in Human WISH Cells®

INTERFERON 3“ AA cpm % INCREASE
Hone 135 + 11 -
Mouse 71 + 2 0
lluman 35 + 6 155

a) Human WISH cells were grown to confluency in 250 cmz Corning tissue
culture flasks. 10 al of human fibroblasc interferon (50 u/ml),
rmouse fibroblast interfervn,(50 u/ml), or growth media was added
with approximately 7.5 1C{ "H amino acids. Cultures were allowed
to incubate overnight at 37 C. Following incubation, cells were
tremoved from the culture flasks with rubber policemen, centrifuged
at 300 xg for 5 min and resuspended in 5 ml of growch medium, ’

i Cells were then sonicated ac 40 Nz for 1 min chen centrifuged at

' 2000xg for 5 min. The supernatant was saved and subjected to

( gelatin/sepharose affinity chromatography. &M urea was used to

j elute the column., Collected fraccions were then checked for

fidbronectin gpecific incorporated radioactivicy.
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Table 28. Kinetics of the Antiviral Action of CM.

Hours of treatment % Inhibition of VSV Yield
0 0
1 0
2 0
4 0
6 80
24 80

(M was prepared by sonication of L cells (Progress Report 2). Cellular
debris was removed by centrifugation and supernatant fluids (CM) were
placed on human WISH cells for the indicated times. Cultures were then
washed and challenged with VSV. Virus yields were determined 24 hours

. later.

Table 29. Inhibition of the Antiviral Action of CM by Cycloheximide

Addition % Inhibition of VSV Yield
CM 80
CM + cycloheximide 0
cycloheximide 0

" CM was prepared as described {n Table 28. Human WISH cells were treated

with either CM, cycloheximide (5 ug/ml) plus CM or cyclioheximide for 8
hrs. Cultures were then washed to reverse the cycloheximide block and
were infected with VSV virus yields were determined 24 hours later.
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Fig. 1.

Number of Rounded Y-1 Cells/Microscopic Field

128

100

75

25

ACTH
8 Mouse
Interferon
Human
Interferon
[ ] i —
o 001 0.03 0.1 0.3
ACTH (U/mi)
et e — p—
0 1.0 10 100 300

interferon (U/mi)

% Inhibition of VSV Yield

100

20

o

43

Induction of cell rounding and antiviral activity {n mouse
adrenal tumor (Y-1) cells by ACTH and interferon.
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Inductlon of melanin and antiviral activity in human melanoma

Fig. 2.
¢ (Foss) cells by ACTH and interferon.
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~ 18 2 w0
s ) -3
s P
1 1.0p ':‘.
" - 0.5¢
P :
* 0.5} 2
2 $ 9
None . 2 Noned
Noae =3.0 =~2.0 1.0 (] 0.5 5.0
AntACTH, (1=10) antiserum, ACTH, units/ml

log (dilution)

Fiii. 3 Neutralization of human leukocyte inteeferon (IF) by
anti-ACTH,(1-13) antiserum (Left) and prevention of neutralization
by ACTH (Right). {Left) Dilutions of human leukocyte (@) or fi-
brublast (O) inter{lerons were incubated uvernight at 4°C with the
indicated concentrations of rabbit anti-ACTH.(1-13) antiserum ot
nurmal rabbit serum. Interferon dilutions were then placed on human
amnion (WISH) cells and interferon activity was determined. Both
interferuns in the presence or absence of normal rabbit serum had 50%
pluyue reduction titers of 1000, (Right) For blockage of neutralization,
the indicated concentrations of highly purified ACTH were incubated
with 1:50 dilutions of anti-ACTH,(1-13) antiserum (®) or normal
rabbit serum (O) for 30 min at 4°C. Equal volumes (0.15 mi) of the
above were added to dilutions of human leukocyte interferon and
incubated for 1 hr at 4*C. Interferon activity was determined as be-
fore. Human leukocyte intarferon in the presence or absence of normal
rabbit serum with or without ACTH had 2 50% plaque reduction titer
uf 3000, All differences of 0.5 logio are significant (P < 0.05).
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o
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8o

v
/.V/ A

- //4-\|—4~ €0.025

10 15 20 25

Fraction Number

N

Anti-ACTM {1-13) Antibody (ELISA, Aol { [ )

o
e

Floure & purttication of snti-AChi {1=13) ancidedy by affialcy
Chrenatoygrephy on on ACTiesepharose coluan,

One m) of robdit eati-ACIMe (1-13]) sntiserva vat pessed throwgh @ ° M
4 al dffimiy colunn coatatning sepharese 48-bound ACTH (10 ag) {52).
The coluan wes ¢luted with 4 @) 0.) N glycine duffer, M 2. Fractioas
were § &1, cacept for auwadert 12-2% wnich were | al, Ine colusa
. frectiong were povled 4nd atsayed (or aati-2CTH activity Dy an ingirect
CLika tecnnicve (46). For the ELISA assay, S0 v of ACIN (dflutes 1a
Cardbonate-bicirvonate cooting dullfer, pit 9.8) wis adserded per well -
(overmiynt] ant 0.2 al of column fractioas (@tluted 1/ 1o PRSetween
Duffer, (1 1.4) was incubated for 2 b ot ress tooperatvre. MNest,
0.2 al of sitaline phesphRatise=conjwgated 904t anti-rabdit 196 {niles F
Lass, [lvkare, lod.) (17200 1a PES-tuwcen Buffer) was incubited ia the B
wells for 2 & 4t recn tueperiture. Following 3 washes of 0.2 nl
. Deattrushenyl phetphate (1 ag/al tn carvenste dulfur] wes 1acvdeted at
raws tusperature (or 33 mia.  The reaction wet $Loppwd by the 40dities
8f 53 »1 0f 3 N NN per we)) snd Lhg sDSErtance (400 am) acosuree.
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= ‘ l \\ : . L 10: - fFigure 5 Polyscrylamide gel electrophoretic sndlystis of the ssscciatio
= g | G > o 1 3 between leviocyte iaterferoa and ACIN,
- DI 7 NN T I S '
O —ed -1 s dasaany “ . T - Semples for electropnoresis were prepared ia 0.01 X prasphate
: £ ‘duffercd saline (PBS) ot pit 6.7, containing 1.0% SUS, plus 0.4 N wrea
2 5 10 15 20 25 and were incubsted at 25°C for ) M.

ihree teaths &) japles were
applied to & 12.53 ¢ylindrics! ’o\yo:r’lu‘l:dt 9e! (150 2 Jem) an¢
Eracmys — electrophoresis was in 4 discontinvous duffer system (19) for & A 1a 4
' r-cz.oniNu:nbcr conttant power mOve with aa initia) current of § BA por gel tube. Gels
. were tliced and the sencents Crusaed ind eluted 1nto | al of PSS (pK
7.2) overnignt. (luted materfal was issiyed on ouuse adrenal twmor
AT=1) cells for ACTH activity (22}, espressed as rounaed cells per
microscope fleld (smegnification=100z). Cel siaples were asseyed for
antivieal sctivity on humin smnton (WISH) cells by & atcroplagque
: reduction technique (21}, (a~==8 ], ACTH activity; (o——0), interferon
(o 3 eurification of huasa lewocyte tnterferon by Jffinity setivity,
o znrelatugraphy oa a8 anti-AlTie (112} seinarose columa (52).

' v

) Parttally wrllled,(u dt’:ribl‘ In test) hunan levaogyte

“aeprferon (V): losded, 4.5 1 10%; voided, 4.5 1 10%; and eluted interferan (4 1 16" u, 10° u/mg proteia),
ey G terferon was eluted wilh & al of 0.1 n glycine buffer
[ {GE::\.’M!:‘:-'::‘.“-“‘ Luie "M $ al fractions were collected, L)  fractions (roa the gel ta (&) were digested with pepsin (33 of
.'I;,' moares ¥ which 'wis 45 Rl end numbers 9-19 wnich were 2 sl. l.u:l protein) overaight 4nd then iassayes for ACIK and taterlerca
ce * activittet.

_l ¢) lirge rolecular weignt lnterferon eluted from the yel ta {2) woy
recicctrophorescd and assayed for ACTH sctivitly (Q e=eg ) or was
peptin digested (1% pepsin, overalght), tnea eleciruphorescd onc
tne gel slices assoyed for ACTH (B---4] or sativiral {0~—0)
dctivity, Laown coleculdr weiGht Stendervs were: setrypiia,
24,000 galtens; deiysozyme, 14,030 daltons; ans coAZTH, 3300
galtons. .




figure 7 Comparison of ACIM activity (rom humsn leviocyte interferoa
with purtfiod aCTK by polyscrylanide gel electropnoresis,

Human leukocyte intorferon was purified, digested with pepsia (23
w/w), and electrophorescd 4 gescrided 1n figure &, Pepsta digested
faterferon {2a10° U) and ACTH (6.9 U) were elecirophoresed §a 153
. cylindrical potyacrylaatde qels {200 s 7 '#m) for § A in 4 constant power
poge with an laitiel cureeat of S mA per 9el. The gels were sliced,
cluted $n P8BS, pi 1.2, and asssyed for ACTH activity oa 1«1 cells, &3
described under Figure 4.

90 ] D -

70 { 7 Rorelniited

S0 4

40

30 4

%10 1V44’//W7/ / ////mﬁm

O 1V 2 3 1 5 6 7 8 9 10 111213 14 19516 17 18 1920
Oisiance M-qwicd tem)

v

-

ACTH Acuviy (Roundad Y- Celts /Mictoscope Fietd)

i

47



-

. ey gegpem— oy

Figure 8§ lerunofluorescent detection of ASTH and endorpnin-1fte
substances Ia HDY¥sinfected lymphocytes.

livman periphera]l lympnocytes (MPL) were sediriled from whole blood
by egntrifugacion on 4 Flcall-liypaque gradient (17). Gne al of HPLs (1}
1 13%.cellg/al) were fnocylated with 10 memagslutinition vnfss (MR) of
Newcastie's Disease Yirys {20V, Straln 8-1). The cultures were
incydated for 18 N at 37°C 1a Lagles “EM supplorented with 23 fezql
soving serva. Twenty-five y! of lyaphocyte suspensica (ataus plastice
adherent cells) were placed on ¢ coverslip and sllowed to dry. The
caverslips were flzed ta «4°C ethano!l for 5 ain, lext the coverslips
were stained vsing a sligatly modified Indirest immunoflyorescence
procedure by Porter o2 af. (53). The flzed lympnoCytes were renydrated
In J.01% protprate duffered saline (F3S) end then 1nCudited with antte
ACTHa (1+13), ant1d cencorphin, or nermal raddit sera {IRS] eaeh cilutec
1:50 with P35, The anti-AlTHa (1<13) anc snti=r -encarpnin sers (810
Ria, Brussels, Belgium) were prepared Ia radbizs 2941nsL synthetic
sntigens and vere RiGhly spectfic. Anti.ACTMa (1-i3) sers has &
radisiermunoassay titer of 1:38,000 agalinst ACTHe (1-13) and ¢ 2icer of
1:1080 ageinst neturd) porcine ACTK (1-19). Ant{= -endorpnin Nas ¢
ridiolenuncdssey titer of 1:35,000 4gatnst <encorpnin. Rabdit
femunogiodul 1ns dound to Che lymphocytes were Setecied with flusresceia
1s50ta15Cyanate-conjugated goat antis-rabait 156 (Caopel Lads.:
Cochranville, ?A.) diluted 1:15 with P8S, Coversiips were washed in P4
and counted In 3 glycerin (9C3) and P35 [1C2) soluttea. The caverslips
were observed tArdugh ¢a tncident 1ignt fluorescence yhotemicroscope
(Carl letss; Otertocken, West Germiny) 4nd sAOLCAICPOGrIpRS taken on
frtachrome 4CD color slide f1la (Eastsan Kodar Co.; Rochester, ¥7).
4} MOV-infecled lymonocytes at 18 h postiafection stifned with mormal
rabdit sera (%2S), 0) non-infected lymphocytes stained with antt ACTM
(1-13) sers (tne fluorescing material ia the upper left {3 asaspectific),
c) fMY-infected lymphocytes 4t 18 b postinfeciion stained with aatie
ACTHg {1-12) sere, ang g} 1OV-infecied lympnocytes it 12 n postinfection
statned with 4nt! Y-endorpain sera. Magaiftcstione640z.
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